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DFFXUDF\ ,Q WKH UDUH LQVWDQFHV WKLV ZDV QRW
DFKLHYHGSXQFWXDOO\WKHH\HWUDFNHUZDVUHFDOL
EUDWHG7KHH\HWUDFNLQJVHVVLRQVWRRNDQDYHU
DJH RI DSSUR[LPDWHO\  PLQXWHV HDFK ZLWK D
UDQJHRIPLQXWHV
2QFHWKHILUVWH\HWUDFNLQJVHVVLRQZDVFRP
SOHWHWKHSDUWLFLSDQWVZHUHJLYHQWDEOHWVFRQWDLQ
LQJPJRIFDIIHLQHWRLQJHVWZLWKZDWHU&DI
IHLQHZDVJLYHQLQWKHIRUPRIRQHPJWDEOHW
P\YLWDPLQVFRXNDQGWZRPJWDEOHWV3UR
SOXV/DQH+HDOWK3URGXFWV/WG*ORXFHVWHU8.
IRUPJWRWDOLQZKLFKWKHRQO\OLVWHGDFWLYH
LQJUHGLHQWZDVFDIIHLQH7KLVGRVDJHZDVFKRVHQ
DVPJRIFDIIHLQHKDVEHHQVKRZQWRVLJQLIL
FDQWO\LQFUHDVHGRSDPLQHUJLFDFWLYLW\LQWKHSX
WDPHQDQGYHQWUDOVWULDWXP9RONRZHWDO
ZKLFKPHDQVVXFKDGRVHZRXOGOLNHO\VHUYHRXU
LQWHQGHGSXUSRVHRIVWLPXODWLQJRFXORPRWRUFLU
FXLWU\)XUWKHUPRGHUDWHGRVHVRIFDIIHLQHa
PJ PJNJ KDYHEHHQ VKRZQ WR KDYH EHKDY
LRXUDOHIIHFWV LQYDULRXV FRJQLWLYHGRPDLQV LQ
FOXGLQJDWWHQWLRQUHDFWLRQWLPHVDQGH[HFXWLYH
IXQFWLRQVHH0F/HOODQ&DOGZHOO	/LHEHUPDQ
IRUUHYLHZ
3DUWLFLSDQWVKDGDPLQXWHEUHDNEHWZHHQ
EORFNV DV FDIIHLQH ELRDYDLODELOLW\ KDV EHHQ
GHPRQVWUDWHGWRSHDNDWDIWHUDSSUR[LPDWHO\
 PLQXWHV /LJXRUL +XJKHV 	 *UDVV 
8SRQ WKH FRPSOHWLRQ RI WKLV EUHDN SHULRG WKH
SDUWLFLSDQWVUHSHDWHGWKHH\HWUDFNLQJVHVVLRQLQ
H[DFWO\WKHVDPHZD\DVEHIRUH
'DWDDQDO\VLV
5DZ H\H WUDFNLQJ GDWD ZDV SUHSURFHVVHG LQ
3\WKRQ XVLQJ 3\*D]H 'DOPDLMHU HW DO 
0LFURVDFFDGH LGHQWLILFDWLRQ ZDV SHUIRUPHG XV
LQJWKH0LFURVDFFDGH7RROER[(QJEHUWHWDO
8QOHVVRWKHUZLVHVSHFLILHGWKHSDUDPHWHUV
XVHGIRULGHQWLI\LQJPLFURVDFFDGHVZHUHDPLQL
PXPGXUDWLRQRIVDPSOHVPVDQGDYHORF
LW\WKUHVKROGVFDOLQJIDFWRURI$OOUDZGDWDDQG
VFULSWVWRUHSURGXFHWKHDQDO\VLVDUHDYDLODEOHDW
KWWSVRVILRMHKI
5HVXOWV
0DLQ5HVXOWV

)LJXUH  0HDQ PLFURVDFFDGH FRXQWVHFRQG SUH DQG
SRVW FDIIHLQH DGPLQLVWUDWLRQ OLQHV FRQQHFW
PHDVXUHPHQWVIURPWKHVDPHLQGLYLGXDOSUHDQGSRVW

7KH PHDQ FRXQW RI PLFURVDFFDGHV SUH
FDIIHLQH DGPLQLVWUDWLRQ ZDV  VG 
FRPSDUHGWRDSRVWDGPLQLVWUDWLRQPHDQRI
-RXUQDORI(\H0RYHPHQW5HVHDUFK


 
VG  7KLV ZDV D VWDWLVWLFDOO\ VLJQLILFDQW
UHGXFWLRQ W    S    ZLWK D
VWDQGDUGLVHG HIIHFW VL]H RI  &RKHQ¶V G D
VPDOO WR PHGLXP HIIHFW DFFRUGLQJ WR &RKHQ

7KHSUHSRVWFRUUHODWLRQZDV3HDUVRQ¶V
U S 7KH VWDELOLW\ RI PLFURVDFFDGH
FRXQW DV DQ LQGLYLGXDO GLIIHUHQFH PHDVXUH LV
YLVXDOLVHGLQ)LJXUH
7KHUHZDVQRVLJQLILFDQWFRUUHODWLRQEHWZHHQ
WKH$656VFRUHRI$'+'WUDLWVDQGHLWKHUSUH
DGPLQLVWUDWLRQPLFURVDFFDGHFRXQWRUUHGXFWLRQ
LQ PLFURVDFFDGH FRXQW U    
UHVSHFWLYHO\S :HQRWHWKDWRI
RXU  SDUWLFLSDQWV KDG $656 VFRUHV LQ WKH
QDUURZUDQJH

6HQVLWLYLW\$QDO\VLV

)LJXUH  6XUIDFH SORW RI HIIHFW VL]H ]D[LV DJDLQVW
PLFURVDFFDGH LGHQWLILFDWLRQ SDUDPHWHUV PLQLPXP
GXUDWLRQ µPLQGXU¶ [D[LV DQG YHORFLW\ WKUHVKROG
VFDOLQJ IDFWRU µYIDF¶ \D[LV )RU IXOO GHVFULSWLRQ RI
WKHVHSDUDPHWHUVVHH(QJEHUWHWDO

7KH SULRU DQDO\VLV XVHG VWDQGDUGLVHG
SDUDPHWHUV IRUPLFURVDFFDGH LGHQWLILFDWLRQ VHH
PHWKRG :H FRQILUP WKDW WKH DSSDUHQW
VHQVLWLYLW\ RI PLFURVDFFDGH FRXQW WR FDIIHLQH
DGPLQLVWUDWLRQ LV QRW GXH WR WKH VSHFLILF
SDUDPHWHUVSLFNHGWRLGHQWLI\PLFURVDFFDGHVE\
UHFDOFXODWLQJ WKH SUH DQG SRVW FDIIHLQH
PLFURVDFFDGH FRXQWV IURP WKH UDZ GDWD ZLWK
YDOXHV RI WKH PLQLPXP GXUDWLRQ SDUDPHWHU
EHWZHHQ  DQG  VDPSOHV  ZDV RXU GHIDXOW
DQGYHORFLW\WKUHVKROGVFDOLQJIDFWRUEHWZHHQ
DQGZDVRXUGHIDXOW7KHUHVXOWVDUHVKRZQ
LQ )LJXUH  FRQILUPLQJ WKDW WKH SUHSRVW
GLIIHUHQFH LV QRW DQ DUWLIDFW RI FKRLFH RI
PLFURVDFFDGHLGHQWLILFDWLRQSDUDPHWHUV


)LJXUH6HQVLWLYLW\DQDO\VLVVKRZLQJPHDQOLQHDQG
ERRWVWUDSSHGFRQILGHQFHUDQJHVKDGHGDUHDIRU
WKHHIIHFWVL]HRISUHSRVWFDIIHLQHPLFURVDFFDGHFRXQW
GLIIHUHQFHIRUDQDO\VLVEDVHGRQ±WULDOV

1RWHWKDWHIIHFWVL]HLVZHOODERYH]HURIRUDOO
FRPELQDWLRQV RI LGHQWLILFDWLRQ SDUDPHWHUV H[
FHSWIRUWKHPRVWFRQVHUYDWLYH


+DPSVH\(2YHUWRQ3*	6WDIIRUG7
0LFURVDFFDGHUDWHDVDPHDVXUHRIGUXJUHVSRQVH



)LJXUH  6HQVLWLYLW\ DQDO\VLV VKRZLQJ PHDQ OLQH DQG
ERRWVWUDSSHGFRQILGHQFHUDQJHVKDGHGDUHDIRUWKH
SUHSRVWFDIIHLQHPLFURVDFFDGHFRXQWFRUUHODWLRQIRUDQDO
\VLVEDVHGRQ±WULDOV

,WLVDOVRSRVVLEOHWRXVHWKHFROOHFWHGGDWDWR
DVNKRZVWDEOHWKHREWDLQHGUHVXOWVZRXOGEHLI
OHVV GDWD KDG EHHQ FROOHFWHG IURP SDUWLFLSDQWV
2XUVWDQGDUGDQDO\VLVXVHVGDWDIURPDOOWULDOV
EXW ZH DUH LQWHUHVWHG LQ KRZ VWDEOH WKH UHVXOWV
ZRXOGKDYHEHHQLIZHKDGFROOHFWHGIHZHUWULDOV
8VLQJ ERRWVWUDS UHVDPSOLQJ ZH FDOFXODWH 
FRQILGHQFHUDQJHVIRUWKHWZRVXPPDU\VWDWLVWLFV
± SUHSRVW FRUUHODWLRQ RI PLFURVDFFDGH FRXQW
ZLWKLQ VXEMHFWV DQG HIIHFW VL]H RI SUHSRVW
PLFURVDFFDGH FRXQW GLIIHUHQFH 7KH UHVXOWV DUH
VKRZQLQ)LJXUHDQG)LJXUH

)LJXUH VKRZVDYHUDJHPLFURVDFFDGHFRXQW
IRU HDFK WULDO ERWK SUH DQG SRVW FDIIHLQH
DGPLQLVWUDWLRQ $OWKRXJK ODWHU WULDOV ERWK SUH
DQG SRVW DUH DVVRFLDWHG ZLWK D KLJKHU
PLFURVDFFDGHFRXQW WKHPDLQHIIHFWRID ORZHU
FRXQWSRVWFDIIHLQHLVDOVRFOHDUO\YLVLEOH


)LJXUH  $YHUDJH PLFURVDFFDGH FRXQW DJDLQVW WULDO
QXPEHUSUHDQGSRVWFDIIHLQHDGPLQLVWUDWLRQ
'LVFXVVLRQ
$VSUHGLFWHGFDIIHLQHDGPLQLVWUDWLRQUHGXFHG
PLFURVDFFDGH FRXQW RQ DYHUDJH $GGLWLRQDO
DQDO\VLVRIWKHUHVXOWVVXJJHVWVWKDWPLFURVDFFDGH
FRXQW KDV SURPLVH DV DQ LQGLYLGXDO GLIIHUHQFH
PHDVXUH 7KHUH ZDV D KLJK FRQVLVWHQF\ RI PL
FURVDFFDGHFRXQWDFURVVRXUWHVWLQJVHVVLRQVDV
LVGHVLUDEOHIRUDWUDLWPHDVXUH7KHPHDQGLIIHU
HQFH SUHSRVW FDIIHLQH DGPLQLVWUDWLRQ VXJJHVWV
WKDWPLFURVDFFDGHFRXQWLVVHQVLWLYHWRFDIIHLQH
DVSUHGLFWHGE\HDUOLHUZRUN&ROOLQVHWDO
DQGE\DQDO\VLVRIWKHFLUFXLWU\LQYROYHGLQVDF
FDGH JHQHUDWLRQ 2YHUWRQ  :H KDYH
VKRZQWKDWWKLVGLIIHUHQFHLVUREXVWWRFKRLFHRI
SDUDPHWHUVXVHGWRLGHQWLI\VDFFDGHV7KLVVXJ
JHVWVWKDWPLFURVDFFDGHFRXQWPD\DOVREHVXLWD
EOHDVDVWDWHPHDVXUH
7KHVHQVLWLYLW\DQDO\VLVVXJJHVWVWKDWERWKWKH
LQGLYLGXDO VWDELOLW\ RI PLFURVDFFDGH FRXQW DQG
WKHVHQVLWLYLW\RIFDIIHLQHDVUHIOHFWHGE\WKHEH
WZHHQ VHVVLRQGLIIHUHQFH FRXOGEH UHOLDEO\GH
WHFWHGZLWKDSSUR[LPDWHO\KDOIWKHQXPEHURIWUL
DOVZHXVHG
-RXUQDORI(\H0RYHPHQW5HVHDUFK


 
0LFURVDFFDGHVFDQEHPHDVXUHGZLWKORZSDU
WLFLSDQW HIIRUW DQG DUH VXLWDEOH DV D UHSHDWHG
PHDVXUHLHKDYHQHJOLJLEOHOHDUQLQJRUIDWLJXH
HIIHFWV
2XULQWHUHVW LQPLFURVDFFDGHVRULJLQDWHGEH
FDXVHZHKRSHGWKH\ZRXOGSURYLGHDJRRGLQGH[
RIFROOLFXODUIXQFWLRQ7KLVLVQRWGLUHFWO\WHVWHG
E\WKHSUHVHQWZRUNZKLFKLVIRFXVHGRQWKHVHQ
VLWLYLW\ DQG VWDELOLW\ PLFURVDFFDGH FRXQW DV D
PHDVXUH 1RQHWKHOHVV WKH SUHVHQW UHVXOWV VXS
SRUWWKHSRWHQWLDORIPLFURVDFFDGHFRXQWIRUIXU
WKHULQYHVWLJDWLRQDVDSRVVLEOHELRPDUNHURIGUXJ
UHVSRQVHSRVVLEO\DWWKHFROOLFXODUOHYHO ,IPL
FURVDFFDGHUDWHUHIOHFWVFROOLFXODUDFWLYLW\OHYHOV
WKH PHDVXUH PD\ SURYLGH D PHDQV RI LQLWLDOO\
VFUHHQLQJSRWHQWLDOSKDUPDFRWKHUDSLHVIRUGLVRU
GHUVZLWKDFROOLFXODUFRPSRQHQW$WWHQWLRQ'HI
LFLW+\SHUDFWLYLW\'LVRUGHUPD\EHRQHVXFKFRQ
GLWLRQ DQG LQ WKDW UHJDUG LW LV LQWHUHVWLQJ WKDW
DGXOWVSUHVHQWLQJZLWK$'+'UHSRUWUHJXODUDQG
LQFUHDVHGFRQVXPSWLRQRIFDIIHLQHWKURXJKDYD
ULHW\RIEHYHUDJHVRYHUWLPH0DJRQDQG0OOHU
 DQG DGROHVFHQWV ZLWK D GLDJQRVLV RI
$'+'DUHQHDUO\DVWZLFHOLNHO\WRFRQVXPHFDI
IHLQH WKDQ DUH DGROHVFHQWV ZLWKRXW $'+'
:DONHU$EUDKDP	7HUF\DN
&LUFXPVWDQWLDO VXSSRUW IRU WKH LGHD WKDW
$'+'PD\LQYROYHFROOLFXODUK\SHUDFWLYLW\LQ
FOXGH WKDW WKRVH KLJKHU LQ $'+'OLNH WUDLWV
GHPRQVWUDWHKHLJKWHQHGVHQVLWLYLW\WRSHULSKHUDO
FXHV 3DQDJLRWLGL2YHUWRQ	6WDIIRUG D
KDYHDQDOWHUHGWHPSRUDOLQWHJUDWLRQZLQGRZIRU
PXOWLVHQVRU\ VWLPXOL 3DQDJLRWLGL 2YHUWRQ 	
6WDIIRUGFDQGUHSRUWKLJKHUOHYHOVRIVHQ
VRU\VHQVLWLYLW\DQGSURFHVVLQJSUREOHPV3DQDJ
LRWLGL2YHUWRQ	6WDIIRUG
/LPLWDWLRQVRIWKHSUHVHQWUHVHDUFKZKLFKFDQ
EHDGGUHVVHGLQIXWXUHZRUNLQFOXGHDVVHVVLQJWKH
VWDELOLW\RIPLFURVDFFDGHFRXQWRYHUORQJHUWLPH
SHULRGVDQGGLUHFWO\FRPSDULQJFDIIHLQHDGPLQ
LVWUDWLRQZLWKSODFHER)DFWRUVVXFKDVIDWLJXH
DWWHQWLRQDQGDURXVDOKDYHDNQRZQLQIOXHQFHRQ
PLFURVDFFDGHUDWH'L6WDVLHWDODQGVR
FRXOGSODXVLEO\EHLQYROYHGLQSURGXFLQJWKHRE
VHUYHGSUHDQGSRVWFDIIHLQHDGPLQLVWUDWLRQGLI
IHUHQFHV8OWLPDWHO\DQ\VWURQJFDXVDOLQIHUHQFH
DERXWWKHHIIHFWRIFDIIHLQHRQPLFURVDFFDGHUDWH
PXVWZDLWIRUGLUHFWFRQILUPDWLRQZLWKDQH[SHU
LPHQW ZLWK D QRQGUXJ FRQWURO FRQGLWLRQ ,W
ZRXOG DOVR EH ZRUWKZKLOH WR LQYHVWLJDWH LI PL
FURVDFFDGHFRXQWFDQEHUHOLDEO\DVVHVVHGGXULQJ
DFWLYHYLHZLQJLHZLWKRXWXVLQJIL[DWLRQWULDOV
ZKLFKFDQEHPRQRWRQRXVIRUSDUWLFLSDQWV
(WKLFVDQG&RQIOLFWRI,QWHUHVW
7KH DXWKRUVGHFODUHV WKDW WKHFRQWHQWVRI
WKHDUWLFOHDUH LQDJUHHPHQWZLWK WKHHWKLFVGH
VFULEHG LQ KWWSELEOLRXQLEHFKSRUWDOHHOL
EUDU\%23MHPUHWKLFVKWPODQGWKDWWKHUHLVQR
FRQIOLFWRI LQWHUHVW UHJDUGLQJ WKHSXEOLFDWLRQRI
WKLVSDSHU
$FNQRZOHGJHPHQWV
:HZLVKWRWKDQNDOOSDUWLFLSDQWVLQWKHH[SHU
LPHQW 0DULD3DQDJLRWLGL (GZLQ 'DOPDLMHU IRU
GLVFXVVLRQDQGDGYLFHRQDQDO\VLVDQG-RHO0DU
WLQDW655HVHDUFKIRUH\HWUDFNLQJVXSSRUW
+DPSVH\(2YHUWRQ3*	6WDIIRUG7
0LFURVDFFDGHUDWHDVDPHDVXUHRIGUXJUHVSRQVH


5HIHUHQFHV
&KRH.%ODNH5	/HH63XSLO
VL]HG\QDPLFVGXULQJIL[DWLRQLPSDFWWKHDF
FXUDF\DQGSUHFLVLRQRIYLGHREDVHGJD]HHV
WLPDWLRQ9LVLRQ5HVHDUFKGRL
MYLVUHV
&RKHQ-$SRZHUSULPHU3V\FKRORJL
FDO%XOOHWLQGRL

&ROOLQV1$O.DOEDQL0.DYDQDJK3
0DKPXG$%R\OH*	&RDNOH\'
(IIHFWVRI&DIIHLQHRQ)L[DWLRQDO(\H
0RYHPHQWV,QYHVWLJDWLYH2SKWKDOPRORJ\	
9LVXDO6FLHQFH
'DOPDLMHU(0DWK{W6	9DQGHU6WLJFKHO
63\*D]H$QRSHQVRXUFHFURVV
SODWIRUPWRROER[IRUPLQLPDOHIIRUWSUR
JUDPPLQJRIH\HWUDFNLQJH[SHULPHQWV%H
KDYLRU5HVHDUFK0HWKRGV
GRLV
'DQNQHU<6KDOHY/&DUUDVFR0	<X
YDO*UHHQEHUJ63UHVWLPXOXVLQKLEL
WLRQRIVDFFDGHVLQDGXOWVZLWKDQGZLWKRXW
DWWHQWLRQGHILFLWK\SHUDFWLYLW\GLVRUGHUDVDQ
LQGH[RIWHPSRUDOH[SHFWDWLRQV3V\FKRORJL
FDO6FLHQFH

'L6WDVL//0F&DP\0%&DWHQD$
0DFNQLN6/&DQDV--	0DUWLQH]-E
&RQGH60LFURVDFFDGHDQGGULIWG\
QDPLFVUHIOHFWPHQWDOIDWLJXH(XURSHDQ
-RXUQDORI1HXURVFLHQFH
(QJEHUW56LQQ30HUJHQWKDOHU.	
7UXNHQEURG+0LFURVDFFDGH
7RROER[IRU5'RZQORDGHGIURP
KWWSUHDGSV\FKXQLSRWVGDPGHLQ
GH[SKS"RSWLRQ FRPBFRQWHQW	YLHZ DUWL
FOH	LG HQJEHUWHWDOPLFURVDF
FDGHWRROER[IRUU	FDWLG SXEOLFD
WLRQV	,WHPLG 
)UHGKROP%%lWWLJ.+ROPpQ-1HKOLJ
$	=YDUWDX($FWLRQVRIFDIIHLQH
LQWKHEUDLQZLWKVSHFLDOUHIHUHQFHWRIDFWRUV
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